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SPECIFICATION 
ABLATION PROBE WITH TEMPERATURE SENSITIVE ELECTRODE ARRAY 

Field of Invention 

The invention relates generally to the structure and use of radio frequency (RF) 
5 electrosurgical probes for the treatment of tissue, and more particularly, to electrosurgical 
probes having multiple tissue-penetrating electrodes that are deployed in an array to treat 
large volumes of tissue. 

Background 

The delivery of radio frequency (RF) energy to target regions within solid tissue is 
10 known for a variety of purposes of particular interest to the present invention. In one 

particular application, RF energy may be delivered to diseased regions (e.g., tumors) for 
the purpose of ablating predictable volumes of tissue with minimal patient trauma. RF 
ablation of tumors is currently performed using one of two core technologies. 

The first technology uses a single needle electrode, which when attached to a RF 
15 generator, emits RF energy from the exposed, uninsulated portion of the electrode. This 
energy translates into ion agitation, which is converted into heat and induces cellular death 
via coagulation necrosis. In theory, RF ablation can be used to sculpt precisely the volume 
of necrosis to match the extent of the tumor. By varying the power output and the type of 
electrical waveform, it is theoretically possible to control the extent of heating, and thus, the 
20 resulting ablation. The diameter of tissue coagulation from a single electrode, however, is 
limited by heat dispersion. As a result, multiple probe insertions have been required to 
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treat all but the smallest lesions. This considerably increases treatment duration and 
requires significant skill for meticulous precision of probe placement. 

The second technology utilizes multiple needle electrodes, which have been 
designed for the treatment and necrosis of tumors in the liver and other solid tissues. U.S. 
5 Patent No. 6,379,353 disclose such a probe. The ablation probe disclosed in U.S. Patent 
No. 6,379,353, referred to as the LeVeen Needle Electrode, comprises a cannula having a 
needle electrode array, which is reciprocatably mounted within the cannula to alternately 
deploy the electrode array from the cannula and retract electrode array within the cannula. 
The individual electrodes within the array have spring memory, so that they assume a 
io radially outward, arcuate configuration as they are deployed from the cannula. In general, 
a multiple electrode array creates a larger lesion than that created by a needle electrode. 

Prior to deploying the electrode array, the distal tip of the cannula must first be 
properly positioned at the ablation site— typically using fluoroscopy. Once the correct 
position is obtained, the electrode array can be deployed from the cannula, and RF ablation 
15 can commence. Due to the inability to accurately image the tip of the cannula, however, 
site targeting is, at times, difficult using the LeVeen Needle Electrode. In addition, the 
LeVeen Needle Electrode has an open cannula design, which may be considered traumatic 
compared to a single needle electrode design. 

Summary of the Invention 
20 In accordance with a first aspect of the invention, a medical probe assembly for 

ablating tissue is provided. The probe assembly comprises an elongated shaft, which in 
the preferred embodiment, is sufficiently rigid for percutaneous or laparoscopic introduction 
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into a patient's body. Alternatively, the probe shaft can be flexible, e.g., if the ablation 
probe takes the form of an intravascular or extravascular catheter. The probe assembly 
may optionally comprises a cannula with a lumen in which the shaft is reciprocatably 
disposed in. The probe assembly further comprises an electrode array mechanically 
5 coupled to the distal of the shaft. The electrode array comprises a plurality of needle 

electrodes, at least one of which is configured to assume an outwardly curved shape when 
exposed to a first temperature. For example, the needle electrode(s) can be composed of 
a temperature sensitive material, such as Nitinol or a bimetallic metal. The first 
temperature is preferably greater than body temperature, e.g., equal to the temperature 

1 o required to ablate tissue. 

In the preferred embodiment, the needle electrode(s) is also configured to assume a 
substantially straight shape when exposed to a second temperature that is less than the 
first temperature. Preferably, the second temperature is less than the tissue ablation 
temperature, e.g., body temperature. The electrode array can be deployed within the 

15 tissue. For example, the shaft may simply be advanced, such that the electrode array, 

while exposed to the first temperature, penetrates through the tissue in an outwardly curved 
fashion. Or the medical probe assembly may optionally comprise a deployment member 
(e.g., a spring) mechanically coupled between the needle electrode array and the shaft. 
The deployment member is configured to linearly expand when exposed to a third 

20 temperature, which may be the same or different than the first temperature, but is 

preferably greater than body temperature. For example, the deployment member can be a 
temperature sensitive material, such as Nitinol. 
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In accordance with a second aspect of the invention, another medical probe 
assembly for ablating tissue is provided. The probe assembly comprises an elongated 
shaft, which may be rigid or flexible as previously described, and an electrode array 
mechanically coupled to the distal end of the shaft. The electrode array is configured to 
5 assume an outwardly curved shape, and preferably a proximally everted shape, when 
exposed to a first temperature, and assume a pointed tip when exposed to a second 
temperature less than the first temperature. The first temperature is preferably greater than 
body temperature, e.g., equal to the tissue ablation temperature, and the second 
temperature is preferably less than a tissue ablation temperature, e.g., body temperature. 

10 In this manner, the pointed tip assumed by the electrode array facilitates introduction of the 
probe assembly through the tissue prior to the ablation process, while the outwardly curved 
shape assumed by the electrode array facilitates deployment of the electrode array within 
the tissue during the ablation process. The exposed needle electrodes also facilitate the 
visualization of the probe assembly under fluoroscopy. The probe assembly comprises an 

15 optional deployment member mechanically coupled between the electrode array and the 
shaft. The structure and functionality of the deployment member can be similar to that 
previously described. The probe assembly comprises an optional cannula having a lumen 
in which the shaft is reciprocatably disposed. In this case, the electrode array may be at 
least partially retracted into the cannula by displacing the shaft relative to the cannula in a 

20 proximal direction. This may be beneficial, e.g., when it is desired to move the probe 
assembly to a different tissue region for subsequent ablation. 
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In accordance with a third aspect of the invention, a method of treating tissue having 
a diseased region, e.g., a tumor, is provided. The method comprises forming a needle 
electrode array into a single pointed tip in response to a first temperature, e.g., body 
temperature. The method further comprises forming the electrode array into an outwardly 
5 curved array in response to a second temperature that is greater than the first temperature. 
Preferably, the electrode array is distally displaced through the tissue in order to facilitate 
the placement of the electrode array into an outwardly curved array, and preferably, a 
proximally everted array. Displacement of the electrode array through the tissue can be 
accomplished in response to a third temperature (e.g., by using an expandable member 

10 that linearly expands in response to the third temperature), which may be the same as the 
second temperature. Lastly, the method comprises conveying ablation energy to the 
electrode array. The ablation energy conveyed through the electrode array may 
conveniently produce the second temperature. The electrode array can be formed into a 
single pointed tip again in response to the first temperature, and then introduced into 

15 another portion of the diseased region. 

Brief Description of the Drawings 
The drawings illustrate the design and utility of preferred embodiments of the 
present invention, in which similar elements are referred to by common reference 
numerals, and in which: 

2 0 Fig. 1 is a plan view of a tissue ablation system constructed in accordance with one 

embodiment; 
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Fig. 2 is a perspective view of an electrode probe assembly that can be used in the 
tissue treatment system of Fig. 1 , wherein a needle electrode array is formed into a pointed 
tip; 

Fig. 3 is a perspective view of the probe assembly of Fig. 2, wherein the needle 
5 electrode array is formed in a three-dimensional configuration; 

Fig. 4 is a partially cutaway cross-sectional view of the distal end of the probe 
assembly of Fig. 2, wherein the needle electrode array is formed into a pointed tip; 

Fig. 5 is a partially cutaway cross-sectional view of the distal end of the probe 
assembly of Fig. 2, wherein the needle electrode array assumes an outwardly curved 
10 shape; 

Fig. 6 is a partially cutaway cross-sectional view of the distal end of the probe 
assembly of Fig. 2, wherein the needle electrode array assumes a proximally everted 
shape; 

Fig. 7 is a side view of an alternative embodiment of a needle electrode used in the 
15 probe assembly of Fig. 3, wherein the needle electrode assumes a rectilinear shape; 

Fig. 8 is a side view of the needle electrode of Fig. 7, wherein the needle electrode 
assumes an outwardly curved shape; and 

Figs. 9A-9C illustrates cross-sectional views of one method of using the tissue 
ablation system of Fig. 1 to treat tissue. 

20 Detailed Description of the Illustrated Embodiments. 

Fig. 1 illustrates a tissue ablation system 100 constructed in accordance with an 
exemplary embodiment of the invention. The tissue ablation system 100 generally 
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comprises a probe assembly 102 configured for introduction into the body of a patient for 
ablative treatment of target tissue, and a radio frequency (RF) generator 104 configured for 
supplying RF energy to the probe assembly 102 in a controlled manner. 

Referring specifically now to Figs. 2-6, the probe assembly 102 generally comprises 
5 an elongated cannula 1 08 and an inner probe 1 1 0 slidably disposed within the cannula 
108. As will be described in further detail below, the cannula 108 serves to deliver the 
active portion of the inner probe 1 10 to the target tissue. The cannula 108 has a proximal 
end 112, a distal end 114, and a central lumen 116 extending through the cannula 108 
between the proximal end 112 and the distal end 1 14. As will be described in further detail 

10 below, the cannula 108 may be rigid, semi-rigid, or flexible depending upon the designed 
means for introducing the cannula 108 to the target tissue. The cannula 108 is composed 
of a suitable material, such as plastic, metal or the like, and has a suitable length, typically 
in the range from 5 cm to 30 cm, preferably from 1 0 cm to 20 cm. If composed of an 
electrically conductive material, the cannula 108 is preferably covered with an insulative 

15 material. The cannula 108 has an outside diameter consistent with its intended use, 

typically being from 1 mm to 5 mm, usually from 1 .3 mm to 4 mm. The cannula 108 has an 
inner diameter in the range from 0.7 mm to 4 mm, preferably from 1 mm to 3.5 mm. 

The inner probe 110 comprises a reciprocating shaft 118 having a proximal end 120 
and a distal end 122, a cylindrical block 124, an array 126 of tissue penetrating needle 

2 0 electrodes 128 mounted within the cylindrical block 124, and a linearly expanding member 
130 mounted between the cylindrical block 124 and the distal shaft end 122. The probe 
shaft 118 and cylindrical block 124 are preferably composed of an electrically conductive 
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material, such as, e.g., stainless steel. As will be described in further detail below, the 
electrode array 124 and the expandable member 130 are composed of an electrically 
conductive temperature sensitive material. 

Each of the individual needle electrodes 128 is in the form of a small diameter metal 
5 element, which can penetrate into tissue as it is advanced from a target site within the 
target region. The wires may have circular or non-circular cross-sections, but preferably 
have rectilinear cross-sections. In this manner, the needle electrodes 128 are generally 
stiffer in the transverse direction and more flexible in the radial direction. By increasing 
transverse stiffness, proper circumferential alignment of the needle electrodes 128 within 
10 the cannula 108 is enhanced. Exemplary needle electrodes will have a width (in the 

circumferential direction) in the range from 0.2 mm to 0.6 mm, preferably from 0.35 mm to 
0.40 mm, and a thickness (in the radial direction) in the range from 0.05 mm to 0.3 mm, 
preferably from 0.1 mm to 0.2 mm. 

The distal ends of the needle electrodes 128 may be honed or sharpened to 
15 facilitate their ability to penetrate tissue. The distal ends of these needle electrodes 128 
may be hardened using conventional heat treatment or other metallurgical processes. 
They may be partially covered with insulation, although they will be at least partially free 
from insulation over their distal portions. The proximal ends of the needle electrodes 128 
are indirectly electrically coupled to the connector assembly (described below) via the 
20 expandable member 130 and probe shaft 118. 

It can be appreciated that longitudinal translation of the cylindrical block 124 relative 
to the cannula 108 in a proximal direction 132 retracts the needle electrode array 126 
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(Figs. 4 and 5), while longitudinal translation of the cylindrical block 124 relative to the 
cannula 108 in a distal direction 134 deploys the electrode array 126 (Fig. 6). 

As illustrated in Fig. 4, the electrode array 126 is configured to be collapsed to form 
a pointed tip 136 that is capable of penetrating tissue. A smooth transition is provided 
5 between the pointed tip 136 and the distal end 114 of the cannula 108, such that tissue 
trauma that may otherwise be caused by the open distal end 1 14 of the cannula 108 is 
minimized. The combination of the needle electrodes 128 advantageously provides the 
pointed tip 136 with an irregular surface that is more easily viewed under fluoroscopy. 
As illustrated in Figs. 5 and 6, the electrode array 126 is also configured to be 

10 expanded to form a three-dimensional shape that usually defines a generally ellipsoidal or 
spherical volume having a periphery with a maximum radius in the range from 0.5 to 3 cm. 
In the illustrated embodiment, the needle electrodes 128 diverge radially outwardly from the 
cannula 108 in a uniform pattern (Fig. 5), i.e., with the spacing between adjacent needle 
electrodes 128 diverging in a substantially uniform and/or symmetric pattern. In the 

15 illustrated embodiment, the needle electrodes 128 also evert proximally (Fig. 6), so that 
they face partially or fully in the proximal direction 134 when fully deployed. In exemplary 
embodiments, pairs of adjacent needle electrodes 128 can be spaced from each other in 
similar or identical, repeated patterns and can be symmetrically positioned about an axis of 
the probe shaft 118. It will be appreciated that a wide variety of particular patterns can be 

2 0 provided to uniformly cover the region to be treated. It should be noted that a total of six 
needle electrodes 128 are illustrated in Fig. 1. Additional needle electrodes 128 can be 
added in the spaces between the illustrated electrodes 128, with the maximum number of 
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needle electrodes 128 determined by the electrode width and total circumferential distance 
available (i.e., the needle electrodes 128 could be tightly packed). 

The needle electrodes 128 are resilient and pre-shaped to assume the desired linear 
configuration (Figs. 2 and 4) during a given period of time and the desired three- 
5 dimensional configuration during another given period of time (Fig, 3, 5, and 6). 

Specifically, the needle electrodes 128 are temperature sensitive in that they are composed 
of a Nitinol material that forms the electrode array 126 into the pointed tip 136 (in the 
illustrated embodiment, the needle electrodes 128 are substantially rectilinear) when 
exposed to a relatively low temperature (preferably, below the body temperature, e.g., at 
10 room temperature), and forms the electrode array 126 into the three-dimensional 

configuration when exposed to a relatively high temperature (preferably, tissue ablation 
temperatures). 

Alternatively, the needle electrodes 128 can be composed of a bi-metallic material, 
as illustrated in Figs. 7 and 8. Specifically, each needle electrode 128 comprises an outer 
15 layer of metal 1 50 having a specific coefficient of thermal expansion (CTE) and an inner 
layer of metal 152 having a higher CTE. For example, the outer layer 150 can be 

composed of gold, which has a CTE of 7.9 x 10"6/°F and the inner layer 152 can be 

composed of copper, which has a CTE of 9.2 x 10"6/°F. 

Thus, when the temperature to which the needle electrode 128 is exposed increases 
20 above the temperature at which the needle electrode 128 is straight (e.g., from room 

temperature to ablation temperature), the inner layer 152 will expand along the length of 
the needle electrode 128 at a rate that is greater than the rate that the outer layer 150 
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expands along the length of the needle electrode 128. As a result, each needle electrode 
128 will deform outward to form the three-dimensional electrode array 126. In contrast, 
when the temperature to which the needle electrode 128 is exposed decreases below the 
temperature at which the needle electrode 128 is curved outward (e.g., from ablation 
5 temperature back down to body temperature), the inner layer 1 52 will contract along the 
length of the needle electrode 128 at a rate that is greater than the rate that the outer layer 
150 contracts along the length of the needle electrode 128. As a result, each needle 
electrode 128 will revert back to being rectilinear to form the pointed tip 136. 

Returning to Figs. 4-6, the linearly expanding member 1 30 provides the ablation 

10 probe 110 with an automated deployment mechanism for the electrode array 126. 

Specifically, the expanding member 130 is temperature sensitive in that, like the needle 
electrodes 128, it is composed of a Nitinol material. The expandable member 130 is 
linearly compressed when exposed to a relatively low temperature (preferably, below the 
body temperature, e.g., at room temperature), which in turn, maintains the electrode array 

15 126 in its retracted state. In contrast, the expandable member 130 is linearly expanded 
when exposed to a relatively high temperature (preferably, greater than body temperature), 
which in turn, deploys the electrode array 126. 

Referring back to Figs. 1 and 2, the probe assembly 102 further comprises a 
connector assembly 138, which includes a connector sleeve 140 mounted to the proximal 

2 0 end 112 of the cannula 108 and a connector member 142 slidably engaged with the sleeve 
140 and mounted to the proximal end 1 20 of the probe shaft 1 1 8. The connector member 
142 also comprises an electrical connector 148 to which the probe shaft 1 18 is electrically 
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coupled. The connector assembly 138 can be composed of any suitable rigid material, 
such as, e.g., metal, plastic, or the like. 

Further details regarding the general structure of needle electrode array-type probe 
arrangements are disclosed in U.S. Patent No. 6,379,353, which is hereby expressly 
5 incorporated herein by reference. 

In the illustrated embodiment, the RF current is delivered to the electrode array 126 
in a monopolar fashion, which means that current will pass from the electrode array 126, 
which is configured to concentrate the energy flux in order to have an injurious effect on the 
surrounding tissue, and a dispersive electrode (not shown), which is located remotely from 
10 the electrode array 126 and has a sufficiently large area (typically 130 cm 2 for an adult), so 
that the current density is low and non-injurious to surrounding tissue. In the illustrated 
embodiment, the dispersive electrode may be attached externally to the patient, e.g., using 
a contact pad placed on the patient's flank. In a monopolar arrangement, the needle 
electrodes 128 are bundled together with their proximal portions having only a single layer 
15 of insulation over the cannula 108. 

Alternatively, the RF current is delivered to the electrode array 126 in a bipolar 
fashion, which means that current will pass between "positive" and "negative" electrodes 
128 within the array 126. In a bipolar arrangement, the positive and negative needle 
electrodes 128 will be insulated from each other in any regions where they would or could 
20 be in contact with each other during the power delivery phase. 

Referring back to Fig. 1, the RF generator 104 is electrically connected to the 
electrical connector 148 of the connector assembly 138, which as previously described, is 
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directly or indirectly electrically coupled to the electrode array 126. The RF generator 104 
is a conventional RF power supply that operates at a frequency in the range from 200 KHz 
to 1.25 MHz, with a conventional sinusoidal or non-sinusoidal wave form. Such power 
supplies are available from many commercial suppliers, such as Valleylab, Aspen, and 
5 Bovie. Most general purpose electrosurgical power supplies, however, operate at higher 
voltages and powers than would normally be necessary or suitable for vessel occlusion. 
Thus, such power supplies would usually be operated at the lower ends of their voltage and 
power capabilities. More suitable power supplies will be capable of supplying an ablation 
current at a relatively low voltage, typically below 150V (peak-to-peak), usually being from 

10 50V to 100V. The power will usually be from 20W to 200W, usually having a sine wave 
form, although other wave forms would also be acceptable. Power supplies capable of 
operating within these ranges are available from commercial vendors, such as Boston 
Scientific Corporation of San Jose, California, who markets these power supplies under the 
trademarks RF2000™ (100W) and RF3000™ (200W). 

15 Having described the structure of the tissue ablation system 100, its operation in 

treating targeted tissue will now be described. The treatment region may be located 
anywhere in the body where hyperthermic exposure may be beneficial. Most commonly, 
the treatment region will comprise a solid tumor within an organ of the body, such as the 
liver, kidney, pancreas, breast, prostrate (not accessed via the urethra), and the like. The 

2 o volume to be treated will depend on the size of the tumor or other lesion, typically having a 
total volume from 1 cm 3 to 150 cm 3 , and often from 2 cm 3 to 35 cm 3 The peripheral 
dimensions of the treatment region may be regular, e.g., spherical or ellipsoidal, but will 
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more usually be irregular The treatment region may be identified using conventional 
imaging techniques capable of elucidating a target tissue, e.g., tumor tissue, such as 
ultrasonic scanning, magnetic resonance imaging (MRI), computer-assisted tomography 
(CAT), fluoroscopy, nuclear scanning (using radiolabeled tumor-specific probes), and the 
5 like. Preferred is the use of high resolution ultrasound of the tumor or other lesion being 
treated, either intraoperatively or externally. 

Referring now to Figs. 9A-9C, the operation of the tissue ablation system 100 is 
described in treating a treatment region TR within tissue T located beneath the skin or an 
organ surface S of a patient. The probe assembly 1 02 is first introduced within the 

10 treatment region TR, so that the collapsed needle electrode array 126, i.e., the pointed tip 
136 of the ablation probe 110 (not shown in Figs. 9A-9C) is located within the treatment 
region TR, as shown in Fig. 9A. Notably, because the needle electrodes 128 are only 
exposed to body temperature at this time, they will assume their straight configuration, 
thereby forming the pointed tip 136 to facilitate introduction of the probe assembly 102 

15 through the tissue. 

Introduction of the probe assembly 102 into the tissue T can be accomplished using 
any one of a variety of techniques. In some cases, the probe assembly 1 02 may be 
introduced to the target site TS percutaneously directly through the patient's skin or through 
an open surgical incision. In this case, the pointed tip 136 will facilitate introduction to the 

20 treatment region TR. In such cases, it is desirable that the cannula 108 be sufficiently rigid, 
i.e., have a sufficient column strength, so that it can be accurately advanced through tissue 
T. In other cases, the cannula 108 may be introduced using an internal stylet that is 
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subsequently exchanged for the probe shaft 1 18 and electrode array 126. In this latter 
case, the cannula 108 can be relatively flexible, since the initial column strength will be 
provided by the stylet. More alternatively, a component or element may be provided for 
introducing the cannula 108 to the target site TS. For example, a conventional sheath and 
5 sharpened obturator (stylet) assembly can be used to initially access the tissue T. The 
assembly can be positioned under fluoroscopic imaging, with the obturator/stylet then 
removed to leave an access lumen through the sheath. The cannula 108 and inner probe 
1 10 can then be introduced through the sheath lumen, so that the distal end 1 14 of the 
cannula 108 advances from the sheath into the target site TS. 

l o After the electrode array 1 26 is properly placed, the RF generator 1 04 is connected 

to the connector assembly 138 via the electrical connector 148, and then operated to 
commence the ablation process. As electrical current is conveyed through the expandable 
member 130 and electrode array 126, the expandable member 130 linearly expands in the 
distal direction, and the electrode array 126 is transformed from its straight configuration to 

15 its three-dimensional configuration. That is, as electrical current passes through the needle 
electrodes 128, heat is generated, which exposes the electrode array 126 to a temperature 
that causes needle electrodes 128 to outwardly curve (as shown in Fig. 5). In a practical 
scenario, however, the lateral movement of the needle electrodes 128 will be hindered by 
the tissue T. Thus, although the needle electrodes 128 will tend to curve outward, the 

20 needle electrodes 128 will not actually curve outward absent distal movement. To this end, 
as the electrical current passes through the expandable member 130, heat is generated, 
which exposes the expandable member 130 to a temperature that causes the expandable 
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member 130 to linearly expand, thereby displacing the electrode array 126 in the distal 
direction. As a result, the electrode array 126 will curve radially outward as it is distally 
displaced, until the electrode array 126 is proximaily everted, as shown in Fig. 9B. The RF 
generator 104 continues to convey ablation energy to the electrode array 126 until the 
5 treatment region TR has been ablated. 

If another ablation is required, the connector member 142 may be pulled in the 
proximal direction relative to the cannula 108 in order to fully retract the electrode array 126 
within the cannula 108, as illustrated in Fig. 9C. The expandable member 130 is then 
placed into its contracted position, and the electrode array 126 is placed in its rectilinear 

10 configuration. This can be accomplished by simply waiting for the temperature to which the 
expandable member 130 and electrode array 126 is exposed to drop, or by dipping the 
probe assembly 102 into a chilled solution. Once the expandable member 130 is fully 
contracted and the needle electrodes 128 are placed into their rectilinear configuration, the 
connector member 142 can then be pushed in the distal direction relative to the cannula 

15 1 08 in order to move the pointed tip 1 36 formed by the electrode array 1 26 out of the distal 
end 114 of the cannula 108. The probe assembly 102 can then be repositioned within the 
treatment region TR and operated again to create another lesion. 

Although particular embodiments of the invention have been shown and described 
herein, there is no intention to the present invention to the disclosed embodiments. Indeed, 

20 and it will be apparent to those skilled in the art that various changes and modifications 
may be made without departing from the scope of the invention, as recited in the following 
claims. 
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